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INTRODUCTION 

The  level  of  a  messenger  RNA  depends  not  only  on  its  rates  of  synthesis,  processing,  and  transport, 
but  also  its  rate  of  turnover.  The  turnover  rate  of  a  mRNA  can,  in  turn,  determine  its  lifetime  as  a 
template  for  protein  synthesis.  It  is  particularly  important  to  understand  how  the  levels  of  mRNAs 
encoding  oncoproteins  and  cell  cycle  proteins  are  regulated  because  sustained  synthesis  of  these 
gene  products  can  favor  cell  growth  rather  than  differentiation,  a  hallmark  of  the  neoplastic 
phenotype.  Many  cell  cycle  and  proto-oncogene  mRNAs  exhibit  extremely  short  half-lives.  Their 
decay  is  controlled  in  part  by  A+U-rich  elements  (AREs)  located  in  the  3’-untranslated  region. 
Moreover,  the  half-lives  of  their  mRNAs  are  frequently  subject  to  regulatory  control.  This  control  is 
exerted  via  a  balance  between  the  action  of  at  least  two  ARE-binding  proteins,  AUF1  and  HuR. 
AUF1  targets  the  degradation  of  ARE-mRNAs  like  the  c -myc  proto-oncogene  and  the  cell  cycle 
regulator  cyclin  D1 .  By  contrast,  HuR  promotes  stabilization  of  ARE-mRNAs.  c-myc  and  cyclin  D1 
are  particularly  important  in  this  regard,  since  both  can  play  a  causative  role  in  mammary 
tumori genesis.  Our  central  hypothesis  is  that  AUF1  may  act  as  a  novel  tumor  suppressor  by  limiting 
expression  of  genes  that  promote  cell  growth.  On  the  other  hand,  HuR  may  act  as  a  novel 
oncoprotein  by  stabilizing  those  mRNAs.  Our  approach  is  to  alter  the  expression  of  AUF1  or  HuR 
in  human  breast  carcinoma  cells  and  examine  the  resulting  effects  on  cell  growth  and  tumorigenesis 
in  a  nude  mouse  model.  Specifically,  we  have  two  goals:  (1)  to  examine  the  effects  of  AUF1  and 
HuR  expression  levels  on  gene  expression  in  cultured  cells;  and  (2)  to  assess  the  roles  of  AUF1  and 
HuR  in  cell  growth  and  tumorigenesis  in  vivo.  We  plan  to  introduce  into  human  breast  carcinoma 
cells  expression  vectors  that  will  permit  either  overexpression  or  knocked-down  expression  of  AUF1 
or  HuR.  We  will  classify  clones  by  their  expression  levels  of  AUF1  or  HuR  (e.g.  low,  medium,  or 
high).  These  will  then  be  profiled  for  the  resulting  effects  on  gene  expression  using  a  novel  DNA 
microarray  strategy.  Genes  involved  in  the  cell  cycle,  metastasis  and  invasion,  and  angiogenesis  will 
be  of  particular  interest,  as  many  of  these  contain  AREs.  Cell  clones  will  also  be  tested  for  both 
their  growth  phenotypes  and  their  ability  to  induce  tumors  as  xenographs  on  nude  mice.  Our 
prediction  is  that  tipping  the  balance  to  high  levels  of  AUF1  expression  will  reduce  the  expression  of 
ARE-mRNAs  important  for  the  cell  cycle,  invasion,  metastasis,  and  angiogenesis.  This  will  likely 
lower  the  efficacy  of  engineered  cell  lines  to  induce  tumors.  By  contrast,  tipping  the  balance  to  high 
levels  of  HuR  expression  will  likely  increase  expression  of  these  genes  and  lead  to  increased 
tumorigenic  efficiency. 


4 


DAMD 17-03- 1-0267  Gary  Brewer,  Ph.D. 


BODY 

The  approved  SOW  is  as  follows: 

Task  1 .  To  examine  the  effects  of  AUF1  and  HuR  expression  levels  on  gene  expression  in  cultured 
breast  carcinoma  cells  (Months  1-24): 

a.  Construct  Tet-Off  plasmids  for  overexpression  of  AUF1  and  HuR  (Months  1-4). 

b.  Construct  plasmids  for  RNA  interference  (RNAi)-based  knockdown  of  AUF1  and  HuR 
(Months  1-4). 

c.  Transfect  plasmids  into  breast  carcinoma  Tet-Off  cells  and  select  individual  clones 
(Months  4-24). 

d.  Characterize  clones  for  AUF1  and  HuR  expression  levels  to  define  those  with  low, 
medium  and  high  levels  of  AUFl/HuR  expression  (Months  6-24). 

e.  Using  RNA  from  engineered  cell  lines,  perform  DNA  microarray  analyses  of  genes 
affected  by  altered  AUFl/HuR  expression,  in  particular,  those  involved  in  the  cell  cycle, 
invasion,  metastasis,  and  angiogenesis  (Months  6-24). 

f.  Identify  those  transcripts  that  are  direct  binding  targets  of  AUF1  and  HuR  (Months  6-24). 

Task  2.  To  assess  the  roles  of  AUFl/HuR  in  cell  growth  and  tumorigenesis  (Months  6-36): 

a.  Characterize  the  growth  phenotypes  of  engineered  cell  lines  obtained  from  Task  Id 
(Months  6-24). 

b.  Characterize  the  cell  cycle  distribution  of  these  cell  lines  by  flow  cytometry  (Months  6- 
24). 

c.  Introduce  clones  onto  nude  mice  and  score  tumor  formation  as  a  function  of  AUFl/HuR 
expression  levels  and  growth/cell  cycle  phenotypes  (Months  6-36). 

We  are  currently  in  the  midst  of  Task  1-a,  -b,  and  -c.  We  have  prepared  a  tet-regulated  expression 
construct  for  p37AUFl.  Figure  1  contains  a  map  of  this  plasmid.  Construction  of  tet-regulated 
p40AUFl  and  HuR  is  in  progress.  For  Task  1-b,  we  have  completed  preparation  of  short  hairpin 
RNA  (shRNA)  vectors  for  AUF1  and  HuR.  We  accomplished  this  by  annealing  oligos  containing 
sequence  of  the  respective  mRNAs,  a  short  hairpin,  and  sequence  antisense  to  the  5’  portion  of  the 
oligo  (Figure  2).  We  then  cloned  these  into  a  pSilencer  vector  (Figure  2).  We  then  sequenced  across 
the  length  of  the  inserted  oligos  to  insure  fidelity.  Figure  3  depicts  the  sequencing  waveform  for  the 
HuR  shRNA  vector  and  Figure  4  depicts  the  sequencing  waveform  for  the  AUF1  shRNA  vector. 
Specifically,  the  nucleotides  between  positions  30  and  99  are  the  shRNA-encodng  bases  in  Figures  3 
and  4.  The  AUF1  shRNA  will  knockdown  expression  of  all  four  AUF1  isoforms.  We  plan  to  create 
vectors  for  isoform-specific  knockdown  of  AUF1  as  well,  for  comparison.  Transfection  of  the 
vectors  we  already  have  has  begun  for  Task  1-c.  We  have  had  a  problem,  however,  in  that  MCF7- 
Tet  Off  cells  are  quite  difficult  to  transfect.  We  are  trying  a  new  transfection  method  using  Fugene 
(Roche),  which  is  supposed  to  be  useful  for  cell  lines  difficult  to  transfect.  If  Fugene  reagent  does 
not  solve  our  problem,  we  will  turn  to  a  lentiviral  vector  system  recently  shown  to  permit  virtually 
100%  introduction  of  shRNA  RNAs  into  cells  (J.  Virol.  2003  77:  8957-8951).  In  any  event,  once  we 
solve  this  problem,  we  can  begin  Task  1-d. 
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KEY  RESEARCH  ACCOMPLISHMENTS 

•  Preparation  of  pTRE-p37AUFl,  an  expression  construct  for  overexpression  of  p37AUFl  in 
MCF7-Tet  Off  breast  carcinoma  cells  (Figure  1 ) 

•  Preparation  of  expression  constructs  for  inducible  shRNA  formation  in  MCF7-Tet  Off  cells 
(Figures  2-4).  These  will  permit  tetracycline-induced  knockdown  of  AUF1  and  HuR. 

REPORTABLE  OUTCOMES 

We  are  in  the  process  of  building  the  tools  that  will  allow  us  to  reengineer  expression  of  the  key 
ARE-binding  proteins  AUF1  and  HuR  in  human  breast  carcinoma  cells.  We  have  prepared  three 
vectors  so  far.  Our  feeling  is  that  preparation  of  vectors  does  not,  per  se,  constitute  a  reportable 
outcome  (i.e.,  a  peer-reviewed  publication). 

CONCLUSIONS 

Our  central  hypothesis  is  that  AUF1  may  act  as  a  novel  tumor  suppressor  by  limiting  expression  of 
genes  that  promote  cell  growth.  On  the  other  hand,  HuR  may  act  as  a  novel  oncoprotein  by 
stabilizing  those  mRNAs.  Our  approach  is  to  alter  the  expression  of  AUF1  or  HuR  in  human  breast 
carcinoma  cells  and  examine  the  resulting  effects  on  cell  growth  and  tumorigenesis  in  a  nude  mouse 
model.  Specifically,  our  work  has  two  phases:  (I)  examining  the  effects  of  AUF1  and  HuR 
expression  levels  on  gene  expression  in  cultured  cells;  and  (II)  assessing  the  roles  of  AUF1  and  HuR 
in  cell  growth  and  tumorigenesis  in  vivo.  We  are  currently  focused  on  Phase  I.  This  phase  requires 
us  to  prepare  expression  vectors  that  will  pennit  either  overexpression  of  knocked-down  expression 
of  these  two  proteins.  We  have  about  half  the  required  vectors  completed.  In  the  meantime,  we 
have  begun  transfecting  these  into  breast  carcinoma  cells  for  stable  selection.  We  have  experienced 
some  transfection  difficulties,  but  these  are  not  insurmountable,  since  we  can  utilize  a  lentiviral 
vector  system  if  need  be.  These  tools  (vectors  and  cell  lines)  will  allow  us  to  address  our  novel, 
central  hypothesis  stated  above. 

Why  is  this  important?  The  discovery  of  AREs  in  1986  and  the  subsequent  identification  of  the 
ARE-binding  proteins  that  control  ARE-mRNA  decay  have  led  to  the  realization  that  many  genes 
that  play  active  roles  in  oncogenesis  are  regulated  via  their  AREs.  What  has  unfortunately  received 
scant  attention  is  the  idea  that  the  regulators  of  these  important  ARE-mRNAs  might  themselves 
possess  oncogenic  or  tumor  suppressor  activities.  Our  work  is  designed  to  address  this  idea.  Two 
potential  contributions  of  our  studies  are:  (1)  They  could  have  a  major  impact  on  our  thinking  about 
the  pathways  by  which  normal  cells  become  transformed.  This  is  particularly  true  in  breast  cancer, 
since  c-rnyc  and  cyclin  Dl,  two  AUF1 -regulated  mRNAs,  are  frequently  overexpressed.  (2)  Our 
studies  could  spur  development  of  a  new  generation  of  pharmaceuticals  designed  to  target  an  ARE- 
binding  protein  such  as  AUF1  or  HuR.  This  strategy  would  permit  control  of  large  networks  of 
ARE-mRNAs  by  simply  acting  on  a  single  target  ARE-binding  protein. 


REFERENCES 
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APPENDICES 

Four  figures  depicting  the  results  of  our  vector  constructions  are  enclosed  as  pages  8-11, 
respectively. 


7 


00 


oro 

C 

H 


Xho  I 


Figure  2 


Sspl  (4703) 

SV40  Promoter 

PspAI  (4396} 

(4357) 


(1) 


EcoRi  (4110) 


Hygromycin 


Hindll I  (400) 

siRNA 

BamHI  (462) 

U6  Promoter 

EcoRI  (795) 


(1124) 


(3332) 


SV40  pA 

Sspl  (2948} 
(2930) 


Co4E1  origin 


Ampicillin 


(2000 

(2071) 


shHuR 


BamHI  Sense  loop  Antisense 

5’-G  ATCCCGC/1 CGCTGAA  CGGCTTGA  GG  /TCAAGAC.i  CCTCAA  GCCG  TTCA  GCG  7Y/TTTTTTGGAAA-3  ’ 


GGCG  TGCGA CTTGCCGAA  CTCCA AGTTCTC  TGGA  G TTCGGCAA G TCGCA C  AAAAAACCTT  fTCGA-5 ’ 

Hindlll 


shAUFl 


BamHI  Sense  loop  Antisense 

5  ’-GAT  CCCGTTGTA  GA  CTGCA  CTCTGA  7TCAAGAG4  TCA  GA  G  TGCAGTCTA  CAA  CTTTTTTGG  AAA-3  ’ 

3  '-GGCAA  CA  TCTGA  CGTGA  GA  CTA  AGTTCTC  TAGTCTCA  CG  TCA  GA  TG  TTGAAAAAACCTTTJCGA-5 ' 

Hindlll 


Fap*  l  ot  l 


Sh  UvP- 


File:  348480  j*>1 

Macfrme:  B  RC3720>1  409-028 


lane:  10 

Primer  018730  POP7{BDv3)  mob 
Commori: 


Syid:  Cft)9  A:438  G:811  T:l 


Gel  rome 

Gel  * jrtdaie:  8  Feb  2004 
Gel  tfvtfme:9  3024 


10  20  30  40  00  00  70  80  90 

CGTCGAGGT  GGTAAACG  AQ3  GC  CAG  TGCCAAGC  TTT  TCC  AAAAACACGC  TG  A  ACGGC  TTG  AGGTCTC  TTGAACC  TCAAGCCG  T  TCAGCG  TGCG 


100  110  120  130  1  40  100  180  1  70  180 

GGATCCCGCG  TCC  T  T  TCCAC  A  AG  A  TA  TA  TAAC  TC  TA  TCA  A  TGATAGAGTAC  T  T  TCA  A  G  T  TAC  G  G  TA  AGC  A  TA  TGA  TA  G  TC  CA  T  T  T  TA  A  A  A  CA  TAA 


190  200  210  220  230  340  230  2D0  270  280 

TTTTAAAACTGC  AA  ACTACCCA  AG  A  AATTATTAC  T  T  TC  TACG  TC  ACG  T  A  TT  TTGTAC  TAATATC  T  T  TG  TG  TTTA  CAG  TCA  A  A  TTAA  TTCTAATTAT 


290  300  310  32 0  330  340  3®  300  370  mo 

CTCTCTAACAGCCTTGTAT  CG  TATATGCAA  ATA  TGA  AGGA  ATCATGGG  AA  ATAGGCCC  TCT  TCCTGCCCGAC  CT  TGGCGCGCGC  TCGGCGCGCGGTC  AC 


WvVW'A/v^/wA/v^A/^^ 

390  400  410  429  430  440  4®  480  470 

GC  TC  CG  TC  ACGTGG  TGCGT  T  T  TGC  CTC  T  CG  AGGG  A  AT  TC  A  TGC  T  TC  TC  C  TC  CC  T  T  T  AGTG  A  GGGTA  A  T  TC  TCTCTCTC  TCCC  T  A  T  AGT  G  AGTC  G  T  A 


480  490  000  010  S20  330  340  DO  000  07 0 

TTAATTCCTTCTC  TTCT  AT  AGTGTC  ACC  T  A  AATCG  TTGCA  AT  TC  GT  A  ATC  ATG  TC  AT  AGC  TGT  T  TCC  TGTG  TGA  A  AT  TGT  TATCCG  CTC  AC  A  AT  TC 


080  090  800  810  820  830  840  OS  8®  870 

CACACA  AC  A  TACG  AGCCGG  A  AGC  AT  A  A  AGTG  TAA  AGCCTGGGGTGCC  T  AATGAGTGAGC  TA  ACTCACAT  T  A  AT  TGCGT  TGCGC  TCACTGC  CCGCTTTC 


880  090  700  710  720  720  740  TOO  780  770 

CAGTCGGGAA  ACC  TG  TCGTGCC  AGCTGC  AT  T  A  ATG  A  A  TCGGCC  A  ACGCGCG  GGG  AG  AGGCGGTT  TGCGT  ATT  GGG  CG  C  TCTTCCGC  TTCC  TCGCTCAC 


on 


https://www.brc.comell.edu/user/png.php?sample=348486 


2/10/2004 


Figure 


GAhApU 


Pa  of  1 


0RC3 730*1  409-021 


Lane:  1C 

Pfi nwr  UT373D  POP T{BDv3]  mob 


;  14  Ji 

S gid:  C:  IT®  A:  1298  G:B23  T:  1270 

■Sagug 


Gal  r 

Gal  rtjr1d*e:13  Peb  20»i 
Gal  dart  ime:  ■  391 1 


10  20  30  40  30  00  70  BO  90 

CG  T CG  AG  TGGTAMCGAOGGCCAG  TGCCMGC  T  TT  TCC  AA  A  AAGT  TG  TAGA  C  TG  CAC  TC  TG  A  TC  TC  T  TG  AA  TCA  G  AG  TGCAG  TC  TACAACG 


100  110  120  130  140  130  100  170  130 

G  G  ATCCCGCG  TCC  T  T  TCCACA  A  G  A  TA  TA  TA  A  C  TC  TA  TCA  A  TG  A  TAG  A  GTAC  T  T  TCA  AG  TTACGG  TA  A  GCA  TA  TG  A  TA  G  TCCA  T  T  T  TAA  A  A  CA 


100  200  210  220  230  240  230  2D0  270 

TAA  T  TT  TAA  A  AC  TGCA  A  AC  TACCCA  A  G  A  AA  T  TA  T  T  ACT  T  TC  TACTG  TCACG  TA  T  T  TTG  TAC  TA  A  T  A  TC  TTTG  TGTTTACAG  TCA  A  AT  TAA  TTCTA 


200  290  300  31 0  320  330  340  330  330  370 

A  TTATCTC  TCTAA  CAGCC  T  TGT  A  TCG  T  A  TA  TGC  AA  A  TATGA  AGG  A  ATCA  TGGG  AA  AT  AGGCCC  TC  TTCCTGCCCG  ACC  TTGGCGCGCGC  TCGGCG 


_  _  *10 

CGCGG  TCACGC  TCCGTC  ACG TGGTG CGTTTTGCCTC  TCGAGGG AATTC ATGC T TCTCCTCCCT T T AGTGAG  GG T A  AT TC TC TCTC TC  TCCCTAT 


AGTGAGTCGTATTA  AT  TCCT  TCTC  TTCT  AT  AGT  GTCACC  TA  A  A  TCGT  TGC  A  AT  TCGT  A  ATCATG  T  C  A  T  AG  CTG  TT  TCC  TGTGTG  A  A  AT  TGT  T  A 


v~  oac  Tv  oc  o  crz  me  eas 

T  CCG  CTC  ACA  A  T  TC  CACAC  A  A  CA  T  A  CG  AGCCGG  A  AGC  ATAAAGTGTA  A  AGCCT  GGGGTGCCT  A  AT  GAGTG  AGCT  AACTCACATTAATT  GCGTTG 
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CGCTCAC  TGC  CCGC  T  TTCCAGTCGGG  A  A  ACCTG  TCGTGCCAGCT  GC  ATT  A  AT  G  AATCG  GCC  AAC  GCGC  GGGG  AG  AGGCGG  TTTG  CG  TATT  GG  GCGC 
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